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Abstract
While the importance of attention in perceptual learning is widely recognized, the mechanisms through which it aﬀects learning
are poorly understood. Here we show that attentional mechanisms themselves are modiﬁed during learning. Attentional suppres-
sion of task-irrelevant stimuli becomes more eﬃcient with practice. Attentional learning was found to be stimulus-speciﬁc and to
persist for several weeks, suggesting that the plasticity of attentional mechanisms is an inherent component of visual perceptual
learning.
 2004 Elsevier Ltd. All rights reserved.
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Visual attention is crucial for perceptual learning
(Ahissar & Hochstein, 1993; Shiu & Pashler, 1992;
Weiss, Edelman, & Fahle, 1993). It was suggested that
its role is to select those speciﬁc neural populations
whose activity is modiﬁed during learning (Ahissar &
Hochstein, 2002). However, recent physiological (Crist,
Li, & Gilbert, 2001; Li, Piech, & Gilbert, 2004) and psy-
chophysical (Green & Bavelier, 2003; Ito, Westheimer,
& Gilbert, 1998) studies have suggested that learning
might aﬀect the attentional mechanisms themselves,
which entails the possibility of a much broader role of
attention in perceptual learning. Knowing the speciﬁc
attentional functions that are modiﬁed with practice is
essential to understand the contribution of attention to
perceptual learning.0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2004.10.009
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1 Present address: Psychology Department, Vanderbilt University,
Wilson Hall, 111 21st Ave South, Nashville, TN 37203, USA.In the present study, we aimed at investigating the ef-
fect of practice on the eﬃciency of attentional selection.
By selection we mean attentional bias of sensory compe-
tition through enhancement of the processing of task-
relevant, and inhibition of the task-irrelevant stimuli
(Desimone & Duncan, 1995). Speciﬁcally, we tested
whether training observers to attend selectively to a spe-
ciﬁc visual stimulus in the presence of competing distrac-
tor stimuli would result in a more eﬃcient attentional
suppression of the distractors.
It has been shown that the magnitude of perceptual
learning is increased in the presence of noise (Dosher
& Lu, 1998, 1999; Gold, Bennett, & Sekuler, 1999; Li,
Levi, & Klein, 2004; Lu & Dosher, 2004; for a review
see Fine & Jacobs, 2002). The results of these studies
also led to the conclusion that practice improves perfor-
mance primarily via a more eﬃcient exclusion of the
external noise. As an underlying mechanism it was sug-
gested that learning results in an improved extraction of
the task-relevant visual information via reweighting or
retuning of the perceptual template that is used to arrive
at a decision (Dosher & Lu, 1998, 1999; Li, Levi, et al.,
2004; Lu & Dosher, 2004). However, an alternative
explanation for the learning-induced eﬃciency increase
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Fig. 1. Stimuli and learning procedure. (a) Adapting stimulus. Non-
alternating dots (NAD: shown in red) and alternating dots (AD: green
dots) were moving orthogonally. AD dots changed direction every 4s.
Red and green lines show the sequence of brief luminance-increase
events (of NAD and AD, respectively) over time. (b) Schematic
diagram of the main attentional learning procedure in the main
experiment. The grey arrow on the right indicates the sequence in time
(from top to bottom): pre-tests (top panel), learning (middle), and
post-tests (bottom). Attentive conditions performed at each stage of
the experiment are indicated on the right as well. Red and green arrows
in each aperture show the direction of the two dot ﬁelds: red arrow
indicates NAD, and green shows AD.
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processing of the task-irrelevant visual input itself, a
possibility that was not tested directly before. In partic-
ular, we hypothesized that learning improves external
noise exclusion––at least in part––through more eﬃcient
attentional suppression of the task-irrelevant visual in-
put. To test our hypothesis we measured how practicing
a task, which requires selective attention to a speciﬁc
subset of the visual input aﬀects the processing of simul-
taneously present but task-irrelevant and unattended vi-
sual stimuli. In earlier studies learning eﬀects on the
processing of task-irrelevant visual noise was inferred
indirectly from its ability to interfere with the practiced
task before and after learning noise (Dosher & Lu, 1998,
1999; Gold et al., 1999; Li, Levi, et al., 2004; Lu &
Dosher, 2004). Thus these studies were unable to diﬀer-
entiate between the above mentioned two possible mech-
anisms of improved noise exclusion: one is based on
retuning of the perceptual template; and the other,
which invokes learning mechanisms that lead to more
eﬃcient suppression of the processing of the task-irrele-
vant visual input. Importantly, in our study the learning
eﬀects on the processing of a task-irrelevant motion sig-
nal were measured directly, by comparing the strength
of the adaptation it evokes before and after practice.
This allowed us to test selectively the noise suppression
explanation. If practice leads to more eﬃcient atten-
tional suppression of the unattended motion stimuli,
as we hypothesized, the strength of the motion adapta-
tion evoked by the same task-irrelevant motion signal
is expected to be weaker in the post-learning tests as
compared to that obtained in the pre-learning tests.
We used bivectorial transparent motion displays (Fig.
1a) with one population of dots moving always in the
same direction (non-alternating dots: NAD), while the
other population of dots was alternating every 4s be-
tween the two orthogonal directions to NAD (alternat-
ing dots: AD). Adaptation to such stimuli results in a
motion aftereﬀect (MAE), which is always opposite to
the direction of NAD motion and its duration is an in-
dex of the strength of NAD motion during adaptation.
Importantly, selective attention to AD or NAD during
adaptation results in a strong modulation of the MAE
duration (Sohn, Papathomas, Blaser, & Vidnya´nszky,
2004; for additional demonstrations of the attentional
modulation of adaptation to transparent motion see:
Alais & Blake, 1999; Lankheet & Verstraten, 1995)
and thus allows to measure how strongly NAD motion
is suppressed when it is unattended. We used an atten-
tional task to direct observers attention to one of the
dot populations during adaptation. The task was to de-
tect brief increases of the attended dot populations
luminance. Luminance changes were controlled by a
staircase––to keep performance in the attentional task
at 70% correct responses––to ensure constant atten-
tional load across the diﬀerent experimental conditions.2. Methods
2.1. Subjects
Nine naı¨ve observers with normal or corrected-to-
normal vision participated in the experiments. Informed
written consent was obtained for all observers.
2.2. Stimuli
Stimuli were displayed on a SONY E530 monitor and
the viewing distance was 70cm. Each trial consisted of
motion adaptation and test intervals. Stimuli during
adaptation (Fig. 1a) contained moving random dots
against a black background within a 6.5-diameter cir-
cular aperture. All dots drifted at 0.8/s, and each dot
subtended 3.6 0. The lifetime of each dot was 200ms,
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tion within the aperture. There were two populations
of dots during adaptation. Non-alternating dots
(NAD, n = 50) moved along 0, and alternating dots
(AD, n = 50) changed direction every 4s between +90
and 90. NAD and AD dots were also colored diﬀer-
ently, red and green, randomly assigned across sessions.
Since the direction of alternating dots was balanced over
time, the resulting MAE was opposite to the direction of
NAD. During 80s of adaptation period, there were 20
occasional luminance-increase events within each dot
group, which lasted for 200ms. These events were con-
strained not to occur 1000ms before and 500ms after
the direction change of AD dots and there were at least
1300ms interval between individual events. Observers
were instructed to press a key as soon as they detected
a luminance-increase event in the attended color-family
of dots. Responses within 1s from the onset time of an
event were scored as hits; responses outside this interval
were considered false alarms (Neisser & Becklen, 1975).
Only 60% of each the attended dot population increased
luminance in order to prevent subjects from performing
the task by tracking a single dot instead of attending to
the whole moving surface. The size of luminance in-
creases was controlled by a staircase in order to keep
performance at 70% correct responses and thus ensure
constant attentional load across the diﬀerent experimen-
tal conditions. A 600-ms blank screen followed the
adaptation period. During the test interval, 100 static
dots were presented, of the same color as the non-alter-
nating dots. Observers pressed a key when the MAE had
decayed, thereby indicating its duration.
2.3. General procedure
Six naı¨ve observers participated in the main experi-
ment, and three in the experiment for time course of
learning. Before the main experiment, the luminance of
red and green dots was perceptually equated for each
observer (for details see Sohn et al., 2004). For this we
used a bi-colored, short-lifetime dot motion display
where each red dot was closely paired with an oppositely
moving green dot. With a ﬁxed luminance of red dots
(5.52cd/m2), observers adjusted the luminance of green
dots until global motion in any dominant direction
was abolished.
2.3.1. Main experiment
Each observer underwent a 1-h training session to
establish a stable performance for luminance-increase
detection and to practice MAE duration estimation.
The main experiment consisted of three parts; pre-tests,
learning, and post-tests. First, observers completed pre-
tests with diﬀerent NAD directions (0 and 180) while
AD always alternated between ±90 (Fig. 1b, top panel).
The pre-tests consisted of blocks in which attention wasdirected to the luminance of the non-alternating dot
population (attend-to-NAD), as well as blocks in which
the luminance of the alternating dots was attended (at-
tend-to-AD). Following the pretests, observers com-
pleted seven 1-h learning sessions (Fig. 1b, middle
panel). The stimuli and the experimental protocol dur-
ing the learning phase were similar to that used for the
tests, except that: the direction of unattended NAD mo-
tion was always the same throughout learning and it
matched one of the two NAD directions presented used
in the pre-test sessions; in all learning blocks observers
were attending to the luminance of dots that were alter-
nating their direction every 4s; MAE was not measured
in the learning sessions. After learning, observers com-
pleted post-tests that were identical to the tests per-
formed before learning (Fig. 1b, bottom panel).
2.3.2. Testing the time course of learning
Three naı¨ve observers participated in an experiment
that contained nine 1-h testing sessions. The stimuli
and attentional conditions were similar to those used
in the learning session of the main experiment: observers
always attended to AD dots and the direction of the
unattended NAD motion was ﬁxed throughout the
experiment. The only diﬀerence from the learning ses-
sion of the main experiment was that MAE was mea-
sured in each trial.3. Results
The comparison of the pre- and post-learning tests re-
vealed that the duration of the MAE evoked by the mo-
tion signal (NAD), which was neglected during the
practice, was strongly reduced in the post-learning tests
compared to that before learning (Fig. 2). This was true
for both, the tests in which the luminance of AD was at-
tended (change ranging from 7.3% to 70.2%, an aver-
age of 30.8%; two tailed paired T test, t = 2.63,
p < 0.05), as well as for the attend-to-NAD tests (change
ranging from 15.9% to 41.7%, an average of 11.9%;
two tailed paired T test, t = 2.12, p > 0.05). Individual
data––shown in Table 1 (trained NAD)––indicates that
practice had a strong eﬀect in four observers but little if
any eﬀect in two observers (LD and SE). Importantly,
however, MAE duration in these two observers was
not modulated in the pre-learning tests depending on
whether AD or NAD was attended to begin with (Fig.
2, trained NAD pre-/post-panels for each observer).
For the four observers who showed MAE modulation
by attending to one or the other motion component
(NAD or AD) before the practice, the learning-induced
reduction in MAE was signiﬁcant both when AD was
attended (average reduction was 45.9%, ranged from
34.7% to 70.2%; two tailed paired T test, t = 7.09,
p < 0.007), and when NAD was attended (average
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Fig. 2. Attentional learning. MAE durations obtained in tests before
and after learning are shown for all six observers. White bars present
MAE durations from conditions when NAD were attended during
testing and grey when AD were attended. Vertical bars indicate
standard errors. For each observer, pre- and post-learning MAE
durations are shown both when the direction of NAD during the tests
was the same as the unattended direction during the training (‘‘trained
NAD’’) and when it was the opposite (‘‘untrained NAD’’).
Table 1
The eﬀect of learning on MAE duration
Subject Trained NAD Untrained NAD
Attend-AD
(%)
Attend-NAD
(%)
Attend-AD
(%)
Attend-NAD
(%)
BD 36.3 18.8 28.9 9.2
BE 70.2 41.7 8.1 4.5
MJ 34.7 16.7 18.9 6.4
PB 42.5 18.3 11.1 1.9
LD 8.0 15.9 6.4 10.7
SE 7.2 8.1 18.9 14.5
Percent decrease of MAE durations in post-learning tests compared to
those in the pre-learning tests for six observers. Data are presented for
tests with trained and untrained NAD directions and for both attentive
conditions, namely when NAD and AD were attended during tests.
Negative numbers indicate that the MAE duration in the post-learning
tests was longer than that of pre-learning tests.
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two tailed paired T test, t = 12.27, p < 0.002). Thus, asa result of learning, the motion signal that was neglec-
ted during practice is suppressed more eﬃciently when
it is task-irrelevant and selected less eﬃciently when it
is task-relevant in the post-tests compared to the pre-
tests.
3.1. Speciﬁcity and persistence of attentional learning
Perceptual learning shows high speciﬁcity for basic
visual dimensions of the stimuli (for review see Ahissar
& Hochstein, 1993; Fahle, 2002; Fiorentini & Berardi,
2002), including motion direction (Ball & Sekuler,
1987), and persists for several weeks (Ball & Sekuler,
1987; Fiorentini & Berardi, 1980) or even years (Karni
& Sagi, 1993) without further practice on the task. We
were interested in ﬁnding out whether learning-induced
plasticity of attentional mechanisms has similar proper-
ties. To investigate the speciﬁcity of learning, observers
also completed pre- and post-learning tests with NAD
moving in the opposite direction to that of NAD during
learning (Fig. 2, untrained NAD pre-/post-panel for
each observer). In two observers––out of those four
who showed strong learning eﬀect in the main experi-
ment––there was no transfer of learning when tested
with untrained NAD direction (subjects BD and BE),
whereas the other two showed a partial transfer of learn-
ing (subjects MJ and PB). When the data of all six
observers were combined, there was no signiﬁcant diﬀer-
ence between the pre- and post-learning tests with un-
trained NAD whether attention was directed to NAD
(two tailed paired T test, t = 0.68, p > 0.5) or to AD
(t = 0.21, p > 0.5; for the data of individual observers
see Table 1).
To test the persistence of attentional learning, three
observers who showed strong learning eﬀects in the
main experiment were retested six weeks after learning.
In the attend-to-AD test conditions, in all three observ-
ers the strength of attentional suppression of MAE
duration during retests was similar to that immediately
after practice (Fig. 3a). The average magnitude of
learning-induced reduction of MAE was 49.6% in the
attend-to-AD retests. For the same three observers,
the reduction was 49.1% in the attend-to-AD test condi-
tion immediately after the learning. Interestingly, how-
ever, the learning eﬀects on MAE duration found in
the attend-to-NAD tests immediately after practice were
not present in the retests performed six weeks after prac-
tice (average % MAE reduction is 0.8%), even though
the MAE duration in the attend-to-NAD tests immedi-
ately after practice was 25.6% shorter than before learn-
ing in these three observers. These results suggest that
practice-induced increase of the eﬃcacy of attentional
suppression of the task-irrelevant motion signal is a per-
sistent learning eﬀect that is present with similar magni-
tude six weeks after practice. However, the impaired
ability to select the motion signal that was unattended
(a)
12
10
14
16
18
M
AE
 d
ur
at
io
n 
(s
ec
)
BE MJ PB
0
2
8
6
4
(b)
0
1
6
5
4
7
3
2
8
9
day 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day 9
BB
IH
ZS
M
AE
 d
ur
at
io
n 
(s
ec
)
Fig. 3. Persistence and time course of attentional learning. (a) MAE durations obtained in tests six weeks after learning (three observers). White bars
show MAEs from conditions when NAD were attended during the test and grey when AD were attended. Vertical bars indicate standard errors. (b)
Changes in MAE durations with practice. MAE from attend-to-AD condition is shown as a function of time through learning sessions. Vertical bars
indicate standard errors.
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can be observed only immediately after practice.
3.2. Learning eﬀects in the attentional task
Our results clearly showed that practice leads to a
more eﬃcient attentional suppression of task-irrelevant
visual stimuli. However, practice could have also af-
fected the performance in the attentional task––i.e. the
luminance change detection task––used to direct the
observers attention selectively to a speciﬁc subset of
the visual stimuli during practice. Indeed, the luminance
change detection threshold in the AD attended test con-
ditions after practice was strongly reduced compared to
that before learning. The learning eﬀect in the luminance
change detection task, however, was not speciﬁc for the
motion directions that were present during practice. In
the case of the four observers that showed learning eﬀect
on the MAE duration in the main experiment, the lumi-
nance change detection threshold after practice was re-
duced in all tested conditions as compared to that
before practice; in the tests with trained NAD by
36.7% in the attend-to-AD condition and 30.1% in the
attend-to-NAD test condition, whereas in the tests with
untrained NAD by 35.2% in the attend-to-AD condition
and 24.3% in the attend-to-NAD test condition. The
learning eﬀects in the luminance-change detection task
appear to be stronger in the attend-to-AD test condi-
tions––i.e. the attentional condition used during prac-
tice––than in the attend-to-NAD tests. However,
learning in the luminance-change detection task, as op-
posed to the learning eﬀects on the MAE duration, is
not (or very weakly in the case of attend-to-NAD condi-
tions) speciﬁc for the direction of NAD motion.
3.3. Time course of attentional learning
Lastly, we also performed an experiment to ﬁnd out
the time course of attentional learning. Three naı¨veobservers were trained for nine 1-h sessions that were
similar to the learning sessions in the main experiment
(attend-to-AD), except that MAE was measured in each
trial. There were no pre- and post-learning tests with
attention directed to the NAD dots, nor tests with un-
trained NAD motion direction. We found that in all
three observers the duration of the MAE evoked by
the unattended motion signal was decreasing as a result
of practice (Fig. 3b). At the end of training, MAE dura-
tions for the three observers were on average 32.9%
shorter than those measured before practice. The results
also show that these learning eﬀects are due both to
gradual as well as sudden larger changes––occurring be-
tween four and six practice sessions in diﬀerent observ-
ers––in the strength of attentional suppression of the
NAD motion.4. Discussion
We found that practicing a task that requires selective
attention to a speciﬁc subset of the visual input results in
a more eﬃcient suppression of the processing of simulta-
neously present task-irrelevant visual stimuli. Our para-
digm allowed us to compare the processing of the
neglected motion component of a bivectorial transpar-
ent dot motion display before and after learning on a
luminance discrimination task that required attentional
selection of the other motion component. The results
show that the strength of motion adaptation evoked
by the same unattended motion signal is signiﬁcantly re-
duced after practice as compared to that before practice.
The found learning eﬀects were speciﬁc for the direction
of the task-irrelevant motion that was present during
practice and persisted for several weeks.
These results are in agreement with previous studies
showing that perceptual learning improves external
noise exclusion (Dosher & Lu, 1998, 1999; Li, Levi,
et al., 2004; Lu & Dosher, 2004). These earlier studies,
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exclusion is due to retuning of the perceptual template
that is used to arrive at a decision. By directly testing
the eﬀect of learning on the processing of the neglected
visual input our study provides the ﬁrst evidence that
practice-induced improvement of external noise exclu-
sion is due at least in part to more eﬃcient suppression
of the unattended, task-irrelevant visual input.
4.1. Mechanisms of attentional learning
In what follows we will shortly consider the possible
mechanisms that could account for the increased eﬃ-
ciency in visual noise suppression as a result of learning.
The motion stimulus used in our study consisted of two
populations of dots segmented as two separate surfaces
moving transparently in orthogonal directions. Accord-
ing to the biased competition model of visual processing
(Desimone & Duncan, 1995), there is a competition be-
tween the neuron populations responsible for the pro-
cessing of these two moving surfaces and this
competition can be biased by the visual attention. It is
also assumed by this model that attentional selection is
object based (Duncan, 1996), meaning that objects and
surfaces are selected as a whole, together with all of their
features, including those that are task-irrelevant. Thus,
applied to our paradigm, the biased competition model
would predict that selective attention to the luminance
of one or the other moving surface in our motion stim-
ulus should result in diﬀerential processing of the two
motion components: facilitation of the motion signal
associated with the selected surface and suppression of
the neglected motion component. In fact, the results
of the pre-learning tests of our main experiment pro-
vided evidence (with the exception of two observers)
for attentional modulation of the processing of the
two motion vectors, which is in agreement with the
biased competition model. The motion adaptation
evoked by one of the moving dot populations was signif-
icantly stronger when the luminance of these dots was
selectively attended during adaptation compared to
when it was neglected.
Now the next question is how practice on a task that
requires selective attention to the luminance of one of
the motion components can lead to a more eﬃcient sup-
pression of the unattended, task-irrelevant motion com-
ponent. We will consider two possible mechanisms that
appear most plausible to us: one that does not and the
other that does include the plasticity of attentional selec-
tion. As a mechanism that involves no change in atten-
tional selection, one can suppose that learning results in
increased neural representation of the visual informa-
tion that was selected by attention during practice,
including the task-irrelevant motion signal associated
with the selected surface. Such learning-induced boost
of the representation of one of the motion componentsof the bivectorial transparent motion display would bias
the competition between the two motion directions and
would result in suppressed representation of the motion
component that was unattended during practice.
Although this explanation appears compelling due to
its simplicity, there are at least two strong arguments
against it. First, the numerous physiological studies
investigating the neural mechanisms of visual perceptual
learning (Crist et al., 2001; Ghose, Yang, & Maunsell,
2002; Li, Piech, et al., 2004; Rainer, Lee, & Logothetis,
2004; Schoups, Vogels, Qian, & Orban, 2001)––in con-
trast to those testing perceptual learning in the somato-
sensory and the auditory modalities (Dinse &
Merzenich, 2002; Jenkins, Merzenich, Ochs, Allard, &
Guic-Robles, 1990; Recanzone, Merzenich, Jenkins,
Grajski, & Dinse, 1992; Recanzone, Schreiner, & Merze-
nich, 1993)––failed to provide evidence for an expansion
of neural representations of the speciﬁc visual features
that were task-relevant and were selected by attention
during practice. Second, the explanation based on learn-
ing-induced boosted representation cannot account for
the speciﬁcity of learning found in our study. If learning
eﬀects is exclusively due to an increased neural represen-
tation of the task-relevant features––contrary to what
we found––learning should not be speciﬁc for the prop-
erties of the task-irrelevant visual input that was present
during practice.
Therefore, to account for the learning eﬀects found in
our study we favor an explanation that is based on the
plasticity of attentional selection. Practicing a task that
requires selective attention to a speciﬁc subset of the
visual input could increase the eﬃcacy of selection of
the task-relevant and suppression of the task-irrelevant
visual information. The explanation based on plasticity
of attentional selection is supported by the results of
physiological studies on visual perceptual learning
which showed that in the visual cortex learning strongly
aﬀects the neural contextual interactions, including
those that mediate attentional modulation (Crist et al.,
2001; Li, Piech, et al., 2004). It is also consistent with
the results of our main experiment, where learning
eﬀects were found only in those observers who showed
strong attentional modulation of the motion processing
depending on which motion component was attended.
No learning eﬀects were found in those two observers
whose pre-learning tests did not show such attentional
modulation.
4.2. The type and stage of attentional selection that is
modulated by learning
It is important to note that selection of one or the
other component surfaces of the transparent bivectorial
motion stimulus used in our study is possible only via
object-based but not spatial-based selection mechanisms
(Reynolds, Alborzian, & Stoner, 2003; Valde´s-Sosa,
Z. Vidnya´nszky, W. Sohn / Vision Research 45 (2005) 677–685 683Bobes, Rodriguez, & Pinilla, 1998). In fact, since the two
motion components were superimposed and occupied
the same location in the visual ﬁeld, if practice would re-
sult in a more eﬃcient focusing of the spatial attention
to the region containing the moving dots, the strength
of the adaptation evoked by both motion components
of the transparent motion stimuli should be increased,
independently of which component is attended during
practice. Thus our results should be interpreted as
evidence for the plasticity of the mechanisms of object-
based attentional selection. Whether practice can in-
crease also the eﬃciency of spatial and feature-based
attention selection as well remains to be uncovered.
Our ﬁndings have important implications also
regarding the stage of attentional selection where neural
plasticity might take place. It was shown recently that
the spatial and temporal resolution, as well as the capac-
ity of visual attention, is increased in a general, task- and
stimulus-non-speciﬁc way by practicing on demanding
video games (Green & Bavelier, 2003). However, our
ﬁndings that attentional learning eﬀects are expressed
in the strength of motion adaptation and can be speciﬁc
for the basic visual properties of the trained stimuli
implies that attentional learning––in addition to the pre-
viously observed general eﬀects on attentional func-
tions––also involves the plasticity of stimulus-speciﬁc
attentional mechanisms that directly modulate sensory
processing (Kanwisher & Wojciulik, 2000; Maunsell &
Cook, 2002; Reynolds & Chelazzi, 2004; Treue, 2001).
4.3. Relationship between the learning eﬀects on the
trained task and on the processing of task-irrelevant
stimuli
Our approach to study visual learning eﬀects is sub-
stantially diﬀerent from that used in previous studies
investigating perceptual learning. While the standard
way of studying learning eﬀects is done via measuring
the changes in the observers performance in the trained
task, here we tested how practice aﬀects the processing
of task-irrelevant visual information that was present
simultaneously with the task-relevant input during prac-
tice. Nevertheless, in our study, practice should have af-
fected also the performance in the luminance change
detection task used to direct the observers attention to
a speciﬁc part of the visual input during practice. In-
deed, we found that the thresholds in the luminance-
change detection task were signiﬁcantly lower after
practice. Interestingly, however, the learning-induced
improvement in the luminance change detection task––
contrary to the learning eﬀects on attentional suppres-
sion of the task-irrelevant visual information––was not
speciﬁc for the trained motion direction. These results
suggest that the learning mechanisms underlying the
improvement in the luminance-change detection task
and those underlying the more eﬃcient attentional sup-pression of the task-irrelevant stimuli might be diﬀerent
and partly independent.
At ﬁrst glance these results appear counter-intuitive,
but a closer analysis of the practice and the testing con-
ditions might provide a plausible explanation. In fact,
during practice as well as in all testing conditions the
observers task was the same, i.e. to detect the small
luminance changes that occur on the attended surface.
Thus, what our results actually show is that learning
to detect small transients in the luminance domain is
independent of the other dimensions of the stimulus,
in our case motion. These ﬁndings in turn are not that
surprising, since it has been shown recently (Morrone,
Denti, & Spinelli, 2002) that extraction of the color
and luminance information can happen simultaneously
without any cost, suggesting that attentional selection
of these two dimensions can happen in parallel. One
can suppose––although this has not been tested be-
fore––that luminance information can be extracted inde-
pendently of motion as well, providing an explanation
why learning eﬀects in the luminance-change detection
task were not speciﬁc for direction. In fact, the proper-
ties of the motion display used for practice fostered
the adoption of such a motion-independent luminance
information extraction strategy, since the moving dots,
the luminance of which was attended during practice,
were changing their direction every 4s.
However, if one accepts that luminance information
was extracted independently of the motion dimension
during practice, it raises the question: how could we
get any learning eﬀects on the motion processing or in-
deed any attentional eﬀects on the motion adaptation
to begin with? We propose that the answer should be
found in the mechanisms of attentional selection in the
case of transparent motion stimuli. As we already
pointed it out above, the attentional selection of one
of the moving components of the transparent motion
stimuli is object-based, namely, moving surfaces are
selected as a whole, together with all of their features
(Rodriguez, Valdes-Sosa, & Freiwald, 2002; Sohn
et al., 2004). We have recently provided evidence that
even if attention is directed to a speciﬁc feature of one
of the moving surfaces of the transparent motion dis-
play, it will result in an automatic selection of the whole
surface and thus will modulate the processing of the
task-irrelevant feature information associated with this
surface (Sohn et al., 2004). With respect to our learning
experiments object-based selection and the existence of
cross-feature attentional eﬀects would imply that, even
though attention was directed to the luminance of one
of the moving dot surfaces during practice, it resulted:
on the one hand, in selection and enhanced processing
of the motion signal associated with the surface whose
luminance was attended; and on the other hand, in
simultaneous suppression of the processing of feature
information––including motion––that was associated
684 Z. Vidnya´nszky, W. Sohn / Vision Research 45 (2005) 677–685with the unattended surface. Thus, following the above
logic, the attentional eﬀects we observed on the process-
ing of the task-irrelevant motion signal might be ex-
plained by the object-based selection mechanisms and
cross-feature spreading of attentional modulation
whereas the learning eﬀects that we found may be ac-
counted by the strengthening of the suppressive mecha-
nisms of the object-based attentional selection as a result
of practice.
To conclude, practice can lead to more eﬃcient atten-
tional suppression of stimuli that appear behaviorally
irrelevant for a prolonged period in a given visual envi-
ronment. We suggest that plasticity of the attentional
selection mechanisms should be incorporated in all
models aiming to explain visual perceptual learning in
the case of visual scenes where the processing of the
task-relevant visual input is compromised by the pres-
ence of distractors.Acknowledgments
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